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OBJETIVES
Different alternatives to reduce the toxicity of the
smoke have been found in the bibliography,
including the use of solid additives that, through
their physical mixture with the tobacco, are able
to modify the processes of tobacco pyrolysis and
combustion [1]. In this work, the catalytic effect
of MCM-41 on the pyrolysis of tobacco and three
substances widely used as cigarette ingredients
has been studied by thermogravimetric analysis.
Ingredients.
a) Tobacco: 3R4F cigarettes from "Reference Cigarette Program of the College of Agriculture of the University
of Kentucky“.
b) Aditives: glycerol, D-sorbitol provided by Sigma Aldrich, and D(+)-sucrose from AnalaR NORMAPUR (D (+)-
sucrose).
c) Catalyst: mesoporous MCM-41 synthesized in the laboratories of the Department of Chemical Engineering
at the University of Alicante, according to the procedure described by Gaydhankar et al. (2007)
THERMOGRAVIMETRIC ANALYSIS
7 mg of sample (pure ingredients and tobacco-ingredient mixtures, with and without around 10% of catalyst) were pyrolyzed in a Netzsch TG
209 thermobalance, using an Al2O3 crucible which was introduced into the furnace of the device. The temperature of the sample was
measured with a thermocouple placed in a position very close to the crucible. Samples were heated at 10ºC/min from 30° C to 750° C. 30
mL/min (STP) of N2 were used as carrier gas in order to ensure an inert atmosphere. The reference tobacco was ground with an agate mortar
to avoid the heterogeneity associated with the existence of different varieties of tobacco and fibers of different size and shape. Mixtures of
the different ingredients were thoroughly mixed, after weighing the ingredients directly in the crucible.
Catalytic pyrolysis of the refrence tobacco and the ingredients studied in this work
Tobacco-catalyst: at temperatures below 350ºC, pyrolysis of tobacco is not affected
significantly by the presence of catalyst (only a displacement towards lower temperatures
and a decrease of the relative importance of the process between 110-220ºC is
observed), while above 350ºC it is possible to see noticeable differences (the peak at
675°C, has almost disappeared, and the temperature of the process associated with the
pyrolysis of lignin (at around 467ºC in the absence of catalyst) decreases 50ºC, increasing
the corresponding weight loss.
Glycerol-catalyst: the presence of catalyst does not affect the weight loss of glycerol.
Sorbitol-catalyst: the temperature of decomposition of sorbitol decreases around 12ºC in
the presence of catalyst .
Saccharose-catalyst: the presence of the catalyst not only modifies the temperature of
the process, but also the mechanism of decomposition (the peak of 291º is maintained,
but the relative importance of the peak at 237°C decreases and an initial decomposition
step at 180ºC appears).
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Pyrolysis of tobacco-additive-catalyst binary mixtures
RESULTS
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In order to facilitate comparison, the results are expressed in terms of conversion (fraction of 
sample decomposed in a catalyst-free basis): 
 For tobacco, the conversion obtained at 700ºC is 0.749 in the absence of catalyst, and 
0.726 in the presence of MCM-41 (final residue in each case is 25.3% and 27.4% 
respectively -percentages referred to the initial mass of sample, without considering  
the catalyst content), in good agreement with the ability of these type of catalysts for 
favouring coke formation. 
 This increase of the final residue (i.e., the increase of coke formation) as a 
consequence of the presence of MCM-41 has not been observed for glycerol, sorbitol
or sacharose
CONCLUSIONS
REFERENCES: 
Pyrolyis of tobacco-humectant (glycerol/sorbitol)-
saccharose-catalyst quaternary mixtures
The catalytic effect of MCM-41 in the pyrolysis of the tobacco and additives studied in this work can be summarized as follows: 
Tobacco: the relative importance of the steps at 110-220ºC and 675ºC decreases and a shift towards lower temperatures can be observed. The relative importance of the step associated with the pyrolysis of lignin (at around 
467ºC in the absence of catalyst) increases and its temperature is reduced about 50ºC. There is an increase in the coke formation. 
Glycerol: it  is not affected in a noticeable way. 
Sorbitol: the temperature the weight loss decreases about 12ºC. 
Sacharose: the number of reaction steps increases, and it appears a further step  around 180 º C at the expenses of the stage which in the absence of catalyst occurs at 237ºC.
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• The overlapping
between peaks and
processes and the low
amount of sorbitol
makes difficult the
comparison, but the
MCM-41 catalytic
effect on tobacco can
be clearly observed.
• The decrease of the DTG-peak of tobacco in the range 110-220ºC
as a consequence of the presence of MCM-41 is compensated by
the increase of this peak by the higher content of glycerol in the
mixture.
• The displacement of this peak towards lower temperatures as a
consequence of the catalytic role of MCM-41 on the pyrolysis of
tobacco can be clearly observed.
• The catalytic effect of MCM-41 also is reflected in the DTG-peak of
tobacco at 675ºC, and the same behaviour above- commented on
can be observed.
• The decrease of the peak in the range of 110-220ºC due to the effect of MCM-41 on the pyrolysis of tobacco can be
observed, despite should be partially compensated by the appearance of a peak around 180ºC associated to the MCM-41-
catalytic pyrolysis of saccharose.
• The slight displacement of this peak towards lower temperatures as a consequence of the catalytic effect of MCM-41 can also
be observed.
• The relative importance of the peak at around 214ºC associated to the pyrolysis of sugar in the presence of tobacco,
decreases as a consequence of the presence of MCM-41, suggesting that the DTG-peak at around 180ºC would be originated
by the catalytic pyrolysis of a part of the mass of sugar which, in the tobacco-saccharose mixture, was decomposed showing a
peak at 214ºC.
• The observed behaviour of the pyrolysis of tobacco at above 350ºC can also be observed in the tobacco-saccharose-mixture.
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• The overlapping between the processes and reaction steps difficult the assignment of each
reaction step and the identificaction of the contribution of each ingredient of the mixture.
• The complexity of the thermograms highlights the need of performing studies of the
behaviour of the individual components and the lower order mixtures.
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